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 LOOXVWUDWHVWKHPDLQHIIHFWSORWVIRUWKHREWDLQHGUHVXOWVIRUGLIIHUHQWFRPSRVLWHVLQDFFRUGDQFHWR
/RUWKRJRQDODUUD\RI7DJXFKLGHVLJQRIH[SHULPHQWV7KHREVHUYDWLRQRIUHVSRQVHSORWVGHSLFWVWKDWLQFUHDVHRI
IDFWRUVVXFKDVWXUQLQJVSHHGDQGVOXUU\ FRQFHQWUDWLRQLQFUHDVHVWKHHURVLRQRIFRPSRVLWHVGUDVWLFDOO\ZKLOHLQFUHDVH
LQLPSDFWDQJOHRIFRPSRVLWHVUHVXOWVLQLQFUHDVHRIZHDUORVVWLOOPD[LPXPYDOXHIXUWKHULQFUHDVHLQDQJOHKDVQRW
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PXFK LQIOXHQFH)LJDG VKRZV WKH LQWHUDFWLRQSORWVRI GLIIHUHQWFRPSRVLWHV VWXGLHG ,W FDQEHREVHUYHG WKDW
LQWHUDFWLRQ RI DQJOH ZLWK VSHHG DQG DQJOH ZLWK VOXUU\ FRQFHQWUDWLRQ DUH LQIOXHQFLQJ RQ WKH ZHDU ZKHUHDV RWKHU
LQWHUDFWLRQ SORWV DUH DSSUR[LPDWHO\ SDUDOOHO LQ WKH VWXGLHG UDQJH RI IDFWRUV +HQFH LW FDQ EH GHGXFH WKDW H[FHSW
LQWHUDFWLRQ RI DQJOH ZLWK VSHHG DQG DQJOH LQWHUDFWLRQ RI VSHHG DQG VOXUU\ FRQFHQWUDWLRQ DUH QRW VLJQLILFDQWO\
LQIOXHQFLQJRQWKHHURVLRQRIFRPSRVLWHV
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)LJVKRZVWKHLQWHUDFWLRQSORWRIF DQG G$O2 ILOOHULQFRUSRUDWHGJODVVHSR[\FRPSRVLWHV
 $129$
7KHDQDO\VLVRIREWDLQHGUHVXOWV$129$ZDVFDUULHGRXWWRLQYHVWLJDWH WKHVWDWLVWLFDOVLJQLILFDQFHRIHDFKIDFWRU
DQGWKHLUFRQWULEXWLRQRQWKHVOXUU\HURVLRQRIFRPSRVLWHV7DEOHVUHYHDOWKH$129$UHVXOWVIRUXQILOOHG
DQG$O2 LQFRUSRUDWHGJODVVHSR[\FRPSRVLWHVUHVSHFWLYHO\7KHODVWFROXPQRIWDEOHSUHVHQWVSHUFHQWDJH
RIFRQWULEXWLRQRIHDFKIDFWRURQYDULDWLRQRIUHVSRQVHYDULDEOH,W LQGLFDWHVWKHLQIOXHQFHRIHDFK IDFWRUFRQVLGHUHG
LQWKHVWXG\RQVOXUU\HURVLRQRIFRPSRVLWHV
$129$7DEOHV7DEOHUHYHDO WKDWWKHSHUFHQWDJHRIFRQWULEXWLRQRIVOXUU\FRQFHQWUDWLRQ LV KLJKHVWIROORZHG
E\LPSDFWDQJOHDQGWXUQLQJVSHHG7KHSHUFHQWDJHRIFRQWULEXWLRQRILQWHUDFWLRQRIIDFWRUVLVYHU\OHVVRQWKHVOXUU\
HURVLRQRIFRPSRVLWHV +HQFHLWFDQEHLQIHUUHGWKDWVOXUU\FRQFHQWUDWLRQKDVWKHKLJKHVWVLJQLILFDQWIDFWRUIROORZHG
E\LPSDFWDQJOH7KHLQIOXHQFHRIWXUQLQJVSHHGLVUHODWLYHO\OHVV)XUWKHUWKHLQWHUDFWLRQIDFWRUVDQ\WZRLQGLYLGXDO
IDFWRUV ZHUH FRQVLGHUHG DV VWDWLVWLFDOO\ DQG SK\VLFDOO\ LQVLJQLILFDQW 7KH SRROHG HUURU DVVRFLDWHG LQ DOO $129$
WDEOHVZHUHOHVV IRU GLIIHUHQWVWXGLHG JODVVHSR[\FRPSRVLWHV+HQFHREWDLQHG$129$PRGHOFDQEHGHGXFHG
DVIHDVLEOH 7KLVDSSURDFKLOOXVWUDWHVWKHYDULDWLRQRIPHDQVDQGYDULDQFHWRDEVROXWHYDOXHVFRQVLGHUHGLQWKHVWXG\
EXWQRWWKHXQLWYDOXHRIHDFKIDFWRU
7DEOHGHSLFWV$129$UHVXOWVRIXQILOOHGJODVVHSR[\FRPSRVLWHV
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7DEOH  GHSLFWV$129$UHVXOWVRI$O2 ILOOHULQFRUSRUDWHGJODVVHSR[\FRPSRVLWHV
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:KHUH5 5 5 DQG5 UHSUHVHQWWKH ZHDUORVVLQJUDPVGXHWRVOXUU\HURVLRQ YDOXHRIWKHXQILOOHG
DQG$O2 ILOOHG JODVVHSR[\ FRPSRVLWHVUHVSHFWLYHO\7KH5 YDOXHLQGLFDWHVWKHFRHIILFLHQWRIGHWHUPLQDWLRQ
RI WKH UHVSHFWLYH HTXDWLRQ 7KH 5 YDOXH IRU WKH REWDLQHG PRGHOV LV DERYH  ,W FRQILUPV WKDW WKH GHYHORSHG
PRGHOVJLYHVJRRGUHVXOWVDQGKHOSVWRSUHGLFWVXUIDFHURXJKQHVVYDOXHVZLWKLQWKHH[SHULPHQWDO FRQGLWLRQV
7KHE YDOXHLV WKHLQWHUFHSWRIWKHSODQHDQGPHDQUHVSRQVHYDOXHIRUWKHDOOH[SHULPHQWDOUXQV,WGHSHQGVRQ
HURVLRQ IDFWRUV VXFKDV LPSDFWDQJOH WXUQLQJ VSHHG VOXUU\ FRQFHQWUDWLRQGXUDWLRQRI WHVW VOXUU\FRPSRVLWLRQ DQG
DOVRGHSHQGVRQ RWKHUIDFWRUVVXFKDVHQYLURQPHQWDOFRQGLWLRQVPDFKLQHYLEUDWLRQV
7KHFRHIILFLHQWVRI VOXUU\FRQFHQWUDWLRQDUHKLJKHVWIROORZHGE\LPSDFWDQJOHDQGWXUQLQJVSHHG7KXVYDOXHRI
FRHIILFLHQWVDVVRFLDWHGZLWK HURVLRQIDFWRUVLQGLFDWH WKDWLQFUHDVHLQ VOXUU\FRQFHQWUDWLRQ LPSDFWDQJOHDQGWXUQLQJ
VSHHG UHVXOWV LQ LQFUHDVHRI HURVLRQ )XUWKHUVOXUU\FRQFHQWUDWLRQ KDVKLJKHVW LQIOXHQFH IROORZHGE\ LPSDFWDQJOH
DQG WXUQLQJ VSHHG 7KH FRHIILFLHQWV RI LQWHUDFWLRQV DUH QHJOLJLEOH KHQFH WKH\ PD\ EH FRQVLGHUHG DV KDYLQJ
LQVLJQLILFDQW LQIOXHQFHRQWKHHURVLRQRIFRPSRVLWHV7KLV FRQILUPVWKHUHVXOWVREWDLQHGIURP$129$UHVXOWVDQG
IURPUHVSRQVH SORWV
7DEOH LOOXVWUDWHVWKH &RPSDULVRQRIREWDLQHGUHVXOWVZLWKWKHH[SHULPHQWDOUHVXOWV
6SHFLPHQ ,PSDFWDQJOH 7XUQLQJ 6SHHG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,QRUGHU WRYDOLGDWH WKHPRGHOV FRQILUPDWLRQ WHVWVZHUH FRQGXFWHG 7KHSUHGLFWLRQ HUURUZDV FDOFXODWHG DV WKH
GLIIHUHQFHRISUHGLFWHGYDOXHDQGH[SHULPHQWDOYDOXH 7KHH[SHULPHQWDOFRQGLWLRQV FRQVLGHUHGIRU FRQILUPDWLRQWHVWV
DQG FRPSDULVRQVRI UHVXOWV REWDLQHG IURP WKHPRGHO DQG H[SHULPHQWDO DUHJLYHQ LQ7DEOH 7KHREWDLQHG UHVXOWV
IURPH[SHULPHQWDODQGPRGHOH[KLELWVFORVHSUR[LPLW\EHWZHHQWKHPDQG SUHGLFWLRQHUURU LVZLWKLQWKHUDQJHRI
RI WKHH[SHULPHQWDO UHVXOWV7KXVGHYHORSHGPRGHOVDUHDGHTXDWHDQG IHDVLEOH WRSUHGLFW WKH VOXUU\HURVLRQ YDOXHV
ZLWKLQWKHUDQJHRIH[SHULPHQWDOFRQGLWLRQV
 'LVFXVVLRQ
,Q WKHSUHVHQW LQYHVWLJDWLRQ VOXUU\ HURVLRQRI JODVVHSR[\ FRPSRVLWHVZLWKGLIIHUHQW ILOOHU SHUFHQWDJHKDVEHHQ
VWXGLHGE\URWDWLQJWKHVSHFLPHQLQDEUDVLYHVOXUU\DWDVSHFLILHGLPSDFWDQJOHDQGWXUQLQJIRUWKHWHVWGXUDWLRQ7KH
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HURVLRQRIFRPSRVLWHVLVFDXVHGE\WKHLPSDFWRIDEUDVLYHSDUWLFOHVSUHVHQWLQWKHVOXUU\PHGLD,QLWLDOO\DWORZVSHHG
WKHHQFRXQWHURIVSHFLPHQZLWKWKHDEUDVLYHSDUWLFOHVZDVUHODWLYHO\ORZ)XUWKHULQFUHDVHLQWXUQLQJVSHHGOHDGVWR
WKH LQFUHDVH LQ WKH QXPEHU RI HQFRXQWHU FDXVLQJ PRUH LPSDFW RI DEUDVLYH SDUWLFOHV RYHU WKH VSHFLPHQ VXUIDFH
,QLWLDOO\ GXULQJ HDFK HQFRXQWHU EHWZHHQ DQ DEUDVLYH SDUWLFOH DQG VXUIDFH PDWUL[ DV WKH WRS OD\HU RI VSHFLPHQ LV
HURGHG,QWKHODWHUVWDJHVWKHJODVVILEHUVDUHH[SRVHGWRWKHDEUDVLYHSDUWLFOHV7KHLUUHJXODUDEUDVLYHSDUWLFOHVDFWV
DV SORXJKLQJ DJHQW UHPRYHV LPSDFWV WKH JODVV ILEHUV UHVXOWLQJ LQ PLFURFXWWLQJ DQG PLFURSORXJKLQJ RI ILEHUV ,Q
DGGLWLRQLQFUHDVHLQWKHWXUQLQJVSHHGKDVLQFUHDVHGWKHNLQHWLFHQHUJ\RIDEUDVLYHSDUWLFOHV7KXVLWSHUKDSVFDXVHG
WKHDEUDVLYHSDUWLFOHV WRXWLOL]HJUHDWHUDPRXQW IRUSHQHWUDWLRQ LQWRJUHDWHUGHSWK UHVXOWLQJ LQ LQFUHDVHGHURVLRQRI
FRPSRVLWHV)XUWKHUZLWKWKHLQFRUSRUDWLRQRIILOOHUVLQJODVVHSR[\FRPSRVLWHVKDVOHDGWRLQFUHDVHLQWKHKDUGQHVV
RI FRPSRVLWHV7KLV LQFUHDVH LQ KDUGQHVVKDVSUREDEO\ FDXVHG HQHUJ\EDUULHU IRU WKH LPSDFW RI DEUDVLYHSDUWLFOHV
6XEVHTXHQWO\LWPD\KDYHFDXVHGWKHEDUULHUIRUWKHGHHSHUSHQHWUDWLRQRIDEUDVLYHSDUWLFOHVUHVXOWLQJLQGHFUHDVHLQ
HURVLRQZLWKLQFUHDVHRIILOOHULQFRUSRUDWLRQSHUFHQWDJHLQJODVVHSR[\FRPSRVLWHV7KHREWDLQHGUHVXOWVDOVRUHYHDO
WKDWWKHUHZDVDQLQFUHDVHLQWKHHURVLRQZLWKLQFUHDVHRILPSDFWDQJOH7KHPD[LPXPHURVLRQZDVREWDLQHGDWΣ
LPSDFWDQJOHDQGIXUWKHULQFUHDVHLQLPSDFWDQJOHKDVUHVXOWHGLQWKHIDOORIORVVGXHWRHURVLRQ7KLVSKHQRPHQRQ
ZDVVLPLODU IRUGLIIHUHQW VWXGLHGFRPSRVLWHV ,W LQGLFDWHVSHDNHURVLRQZDVDWWDLQHGDWΣ LPSDFWDQJOH UHYHDOLQJ
VHPLGXFWLOHQDWXUHRIVWXGLHG FRPSRVLWHV
,QLWLDOO\ DW ORZ YDOXHV RI VOXUU\ FRQFHQWUDWLRQ HURVLRQ RI FRPSRVLWHV ZDV UHODWLYHO\ ORZ IXUWKHU LQFUHDVHG
GUDVWLFDOO\ ZLWK WKH LQFUHDVH LQ WKH VOXUU\ FRQFHQWUDWLRQ 7KLV PD\ EH GXH WR WKH IDFW WKDW DW ORZHU VOXUU\
FRQFHQWUDWLRQQXPEHURI DEUDVLYHSDUWLFOHVLPSDFWVRQWKHVXUIDFHZDVOHVV,QRWKHUZRUGVWKHFXWWLQJHGJHVZKLFK
SHUIRUPPLFURSORXJKLQJDQGPLFURFXWWLQJDFWLRQVIRUWKHUHPRYDORIPDWHULDOZHUHUHODWLYHOHVV+RZHYHULQFUHDVH
LQ VOXUU\ FRQFHQWUDWLRQ UHVXOWHG LQ LQFUHDVHG QXPEHU RI FXWWLQJ HGJHV KDV LQFUHDVHG &RQVHTXHQWO\ UHPRYDO RI
PDWHULDOLQHDFKURWDWLRQRIVSHFLPHQKDVLQFUHDVHGFDXVLQJPRUHHURVLRQRIFRPSRVLWHV,WSHUKDSV LQFDVHRI$O2
ILOOHG FRPSRVLWHV WKH ILOOHUV SUHVHQW LQ WKH JODVVHSR[\ FRPSRVLWHV KDYH FDXVHG WKH EDUULHU IRU WKH SHQHWUDWLRQ RI
DEUDVLYH SDUWLFOHV EXW LW LV QRW SRVVLEOH IRU DYRLGLQJ WKH SHQHWUDWLRQ +HQFH OHVV HURVLRQ RI ILOOHU LQFRUSRUDWHG
FRPSRVLWHVZDV QRWLFHG
 &21&/86,216
7KHIROORZLQJFRQFOXVLRQVZHUHGUDZQ IURPWKHSUHVHQWVWXG\
 7KHVWDWLVWLFDODQDO\VLVKDV LOOXVWUDWHG WKDW VOXUU\FRQFHQWUDWLRQ LV WKHPRVW VLJQLILFDQW IDFWRU LQIOXHQFHVRQ WKH
HURVLRQRI30&VIROORZHGE\LPSDFWDQJOH7KHVLJQLILFDQFHRIWXUQLQJVSHHGZDVUHODWLYHO\OHVV7KHLQWHUDFWLRQ
RIHURVLRQIDFWRUVZDVQRWVLJQLILFDQW
 7KHLQFRUSRUDWLRQRI$O2 SDUWLFOHVKDVLPSURYHGWKHHURVLRQUHVLVWDQFHRIJODVVHSR[\FRPSRVLWHV 7KHHURVLRQ
UHVLVWDQFHKDVLQFUHDVHGZLWKLQFUHDVHLQ$O2 SDUWLFOHLQJODVVHSR[\FRPSRVLWHV
 ,QFUHDVH LQ VOXUU\ FRQFHQWUDWLRQ DQG WXUQLQJ VSHHG UHVXOWV LQ LQFUHDVH RI HURVLRQ RI FRPSRVLWHV IXUWKHU GUDVWLF
LQFUHDVHRIHURVLRQZDVREVHUYHGDWKLJKHUOHYHORIVOXUU\FRQFHQWUDWLRQ
 7KH SHDN HURVLRQ RI FRPSRVLWHV ZDV REVHUYHG DW Σ LPSDFW DQJOH UHYHDOLQJ WKH VHPLGXFWLOH QDWXUH RI
FRPSRVLWHV
 7KH YHULILFDWLRQ UHVXOWV RI FRQILUPDWLRQ WHVW LQGLFDWHG SUR[LPLW\ EHWZHHQ UHVXOW FRPSXWHG IURP GHYHORSHG
UHJUHVVLRQPRGHOVDQGH[SHULPHQWDO UHVXOWV ,W LOOXVWUDWHV WKDWSUHVHQWHGPRGHOVZHUHDGHTXDWHDQG IHDVLEOH IRU
WKHSUHGLFWLRQRIHURVLRQRIJODVVHSR[\FRPSRVLWHVZLWKLQWKHVWXGLHGUDQJHRIIDFWRUV
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